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INTRODUCTION

Stability of the thermal-radiation characteristics of surfaces intended

for use in therm_l control systems Is a prime requirement for space vehleles.

Because of the difficulties involved in simulating the adverse effects of the

space environment with g_ound-based facilities for the purpose of investigat-

Ing surface coatings, testing surfaces during flight in the actual space en-

vironment appears attractive. A simple, strai@htforvard method for measuring

any changes in the thermal characteristics of surfaces resulting from ex-

posure to eonditlons in space flight _s to measure variations In temperature

of the surfaces during e%-posure to sunlight, since any change in the ratio

of solar absorpt_wlty to surface em_ssivlty (,_// ) will be reflected in a

corresponding change in surface temperature. This paper describes an experiment

of T_is t._pe which is planned for inclusion on a number of s_tellltes.

RE_ FOR THE T_mM_L-

TYPE EXPERIMEWr

An obvious requirement for the thermal-t.vpe emissivity experiment is that

the test surface Be thermally isolated, since extraneous heat losses must

Be min_nlzed to provide an accurate indication of change in ,_/c .
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To illu3trate this poi_tj the influence of heat loss on the equ_llbrium

temperatures of surfaces is shown _n the flr_t slide (I). The equilibrium

surface temperature is plotted as a function of the _._ /_ ratio for zero

heat loss and for a fixed heat loss of 5 milliwatts. _o_e that for a

filed heat loss and a cons_Lnt emissivity the equilibrium temperature is

conslderably more affeeted as the ratio of "/_ is decreased. Also, the

effect of a _iven heat loss on the temperature becomes greater as the

emissivity is decreased. The reason for these two effects is that the heat

loss becomes a greater proportion of the heat flux as the ,_/_ ratio is

re4uced, for a fixed value of _ .

A second requirement is that the test surface have a rapid response to

changes in heat flux. It is desirable that the _zrfaee reach thermal

e_uilibr_.um during its daytime and nighttime passages around the earth.

This facilitates r_uction of the data to obtain the /_ ratio. If Lhe

thermal lag of the surface is large, its tempe_ture history will appear

somewhat as shown on the next slide (2). Also shown is the Ldealized

temperature history of a _rfaee with no thermal lag. In this figure, the

effects of the earth's reflection and radiation are neglected for simplifica-

tion, althou@h An moat cases these effects must be considered. It is apparent

that large thermal IAg would complicate reduction of the data, since a

transient thermal a_ad,Vsls _ be involved.

It is apparent, then, that to obtain meaningful data from an experiment

of th_s type, heat losses from the test surfaces mast be determined and the

thermal lag of the system .a_st be evaluated. The heat loss and thermal lag,

of course, should he nea_zmed beforehand during ground tests.

DESCRIPTION OF EXPERImeNTAL SYSTEM

Radiation Sensor Design

The design which was established to minimize the heat losses and thermal

la_ of the test surfaces is illustr_ted in the next slld_ (3)° The test

surfaces are mounted on three small KeI-F supports. KeI-F is used as the

_upport material because it has a very low thermal conductivity. Radiant heat
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losses to the mountin_ cup are m_nimized by the use of four r_diatlon

shielfls. All interio_ sILrf_ces are polished amd have 821 evaporated gold

finish for further reducin 6 the radiant heat exche2_e. Thermal 184_ is

minimized by using a thin base plate and thin rad_atlon shields.

Surface temperature Is measured by means of a %hez_tsT, or soldered _o

the underside of %_e _est SILrfa@e.

_ou_%l_ of Sensors

The next slide (k) shows the radiation sensors mounted in a cluster of

SlX _o permit _es_Ing several different stlrfa@e finishes simultaneously. A

seventh surface will serve as a reference for the other surfaces. The refer-

eBee _Lrfa_e is designed _o maintain constant raalation properties in space

flight. Comparisons of the temperatures of the Uest surfaces with that of

the reference surface wiLY provide a basis for evaluating changes in the

thermal eharaeteristlcs of the _est surfaces.

The design of the reference surface is indicated in the slide. The

surface is composed of razor blades stacked together to form a large number

of notches. This causes the incident radiation to be reflected from wall

to wall of each notch a number of times before being reflected outward. The

reflected radiation escal_Ing from the system is small, since most of each

reflection is absorbed by the surfaces. P--cause of the large number of

reflections, any change in the e_issivity of the individual surfaces of the

notmhes will have only a very small effect on the overall emissivity or

abso_tlon of the reference s%_-faee. Since the no_ehed surface is somewhat

directional at large an_e_ of incidence, the rows of _ blaaes are

arr_ed in a hexagonal pattern to mlni_.ize the directional effect. Due to its

high absorption, the reference surface acts as a black body, and hence is useful

for evaluating the radiant energy incident upon the test surfaces.

In order to correct for heat exchanges between the tes_ surfaces and

the sensor mo_tnts, the tamperature of the base l,late _s measured by means

of a thermistor.



Measurement of Thermal Characteristiee of Sensors

As was indicated previously, it is necessnry to de_erm__nc the heat

losses from the sen_ors _nd the ther_,_3-1_ c;_aracteri_blcs. In a,_dit_on,

the absorptivity and emissivity of e_ch of the test surfaces shca_Id I_

known. The equipment which is bein_ used to measure these factor_ is

illus_rated in the next slide (_.). A small cooled vacuum chamber has been

rrrunged to receive two sensocs _imu!_neously on a mounti_ base which

can be rotated_ The base can be heated and _ts temperature measured.

Heati_ of the test surfaces can be achieved by passlng current through the

thermistors. The front of the cha_er can be covered with wither a brass

plate or a quartz window.

In establishing the thermal characteristics of the sensors, the

emissivity is m_asured as the _niLial step. With the brass cover p!_te

ins1_alledj the test surface and the mount are held a_ the same temperature,

ellmlnatlng heat exchange between the two, and are elevated above the

t__mperature of the chamber. The hea_ lnput to the sensor thermistor, then,

provides a measure of the surf_e emissivity, _ determined from the

followln_ equation:

vhere

/ = surface emissivity

:7, - heat i_ to sensor

Stefan-Boltzmann constant

area of sensor

T s . surface temperature

chamber temperatureT m

c

The emissivity is measured at several values of surface temperature

to establish any dependence of emissivity on temperature.

With the emissivity _hus established, the hea_-excha_e relai_ione_hip

between the _est surface aria the mounting cup can be determined by holding

•r,he surface and, moun't, at different _emperatures. Since the amoun_ of heat

lost externally by radiation from _he surTaee to the chamber is known from

the _revious measurements, the heat exchange from surface to mount can be
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readily determined. Values must be measured over a range of temperature

difference and temperature level, since the rate of heat exchange is a

function of both these parameters.

_raermal-lag characteristics can be determined from measurements of

the rate of temperature rise of the test surface upon application of a

step heat 1_aput to the thermistor. This should be done for various values

of temperature difference between the surface and mount, since the radiatinn-

shield system contributes to the thermal lag of the sensor.

A measure of surface absorptivity can be obtained by re,lacing the

brass cover plate with the quiz window and radiating the test surfaces

with sunlight. From measurement of the equilibrilm surface temperature,

the ratio of o_/_ can be deduced, and from the previous measurement of

emissivity, the absorptivity can be determined. In this procedure, it is

necessary to know the amount of incident radiation, and for this purpose,

sinmtltaneous measurements are =ade with the black-body reference surface

alongside the test surface. Measurements of the specular absorption can

be made by rotating the surfaces so that they view the _ at an angle.

Xt is realized, of course, that some of the solar energy is absorbed by

the atmosphere and the quartz window, but, since most of the solar energy

will be transmitted, a reasonably accurate value of absorptivity can be

obtained.

In addition to the measurements of emissivity and absorptivity of the

test surfaces in the vacuum chamber, the refleetivity of the surfaces will

be measured by means of a Perkin-Elmer Model 13 spectrophotometer. Calcula-

tions of emissivity and absorptivity of the surfaces will be made from the

reflectivity measurements over wavelengths from 2000 angstro=s to 40 microns.

Data Acquisition

Temperatures of the sensors will be telemetered to ground periodically

during the flight. To conserve telemetry channels, all temperatures will be

transmitted on one channel by means of a solid-state connnutator switch. The
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_rlteh contains ten points. Seven of these point8 are from the thermistors

rae_su._ing the tenrperatures of the test surfaces, and one is from the thermis-

tor measuring the base temperature of the sensor mounts for heat-balance

corrections. The remaining two points are froa standard calibrating resis-

tances, representing two levels of thermistor temperature.








